We have measured arterial oxygen saturation 2 S 6 continuously overnight in 13 non-pregnant (NP), 13 pregnant normotensive (NPIH) and 15 pregnant patients with a diagnosis of pregnancy-induced hypertension (PIH). The two pregnant groups did not differ in duration of pregnancy (935 weeks) and none was in labour. There was no significant difference in age between these three groups. Mean 2 S 6 in group NP was 98.5 % (range 97-99 %). This was significantly higher than that in group NPIH (95.2 (91-98) %) and group PIH (94.9 (89-99) %). In seven pregnant patients, more than 20 % of the recording was spent with an [3] and an increase in REM sleep (which is associated with an enhanced tendency to respiratory obstruction [2]) are the major factors in the aetiology of desaturation. During these periods of desaturation, significant myocardial ischaemia may occur and this may be associated with increased cardiovascular morbidity and mortality in the postoperative period [4] . During pregnancy, there is a progressive reduction in FRC. This reduced FRC, in combination with increased oxygen consumption, may render the parturient more susceptible to hypoxaemia during periods of apnoea or airway obstruction.
S 6 continuously overnight in 13 non-pregnant (NP), 13 pregnant normotensive (NPIH) and 15 pregnant patients with a diagnosis of pregnancy-induced hypertension (PIH). The two pregnant groups did not differ in duration of pregnancy (935 weeks) and none was in labour. There was no significant difference in age between these three groups. Mean 2 S 6 in group NP was 98.5 % (range 97-99 %). This was significantly higher than that in group NPIH (95.2 (91-98) %) and group PIH (94.9 (89-99) %). In seven pregnant patients, more than 20 % of the recording was spent with an It has been known for many years that patients may be hypoxaemic for several days after operation [1] . More recent research, measuring arterial oxygen saturation after operation, has demonstrated that patients may experience profound hypoxaemic episodes on the second and third postoperative nights [2] . A reduction in functional residual capacity (FRC) [3] and an increase in REM sleep (which is associated with an enhanced tendency to respiratory obstruction [2] ) are the major factors in the aetiology of desaturation. During these periods of desaturation, significant myocardial ischaemia may occur and this may be associated with increased cardiovascular morbidity and mortality in the postoperative period [4] . During pregnancy, there is a progressive reduction in FRC. This reduced FRC, in combination with increased oxygen consumption, may render the parturient more susceptible to hypoxaemia during periods of apnoea or airway obstruction.
We have measured nocturnal arterial oxygen saturation in three groups of women to determine the extent of any hypoxaemia episodes; those in group 1 were non-pregnant controls (NP), those in group 2 were pregnant and normotensive (NPIH), and those in group 3 were pregnant with a diagnosis of pregnancy-induced hypertension (PIH). A preliminary account of this work was presented to the Obstetric Anaesthetists Association and published elsewhere in abstract form [5] .
Patients and methods
The study was approved by the local Ethics Committee and written informed consent was obtained from all subjects. We recruited 44 subjects allocated to one of three groups. The non-pregnant group (NP) comprised healthy female volunteers of child bearing age recruited from staff of the Departments of Anaesthesia and Gynaecology. The normotensive group (NPIH) were ASA I patients studied before either elective Caesarean section (for breech or previous Caesarean section) or induction of labour. The hypertensive group (PIH) comprised patients admitted with this diagnosis for observation on the obstetric ward. They fulfilled the criteria for diagnosis of pregnancy-induced hypertension according to a recognized definition [6] . Patients in both pregnant groups were greater than 35 weeks' gestation and not in labour.
An ). Nasal airflow was measured by a thermistor attached between the upper lip and the nose.
All subjects were shown how to disconnect and reconnect the recorder to enable visits to the toilet, etc. All overnight recordings were downloaded on to a desktop computer and analysed using an ETS (Infiniti Medical) software program. 
S
-95 %) were compared with the non-pregnant subjects using Fisher's exact test. P : 0.05 was regarded as significant. The pregnant subjects were classified into those with mean (table 4) .
In seven subjects, all from the pregnant groups, more than 20 % (range 20-73 %) of the period of their overnight recordings revealed an 2 O p S : 90 %. The cumulative saturation plot for one of these subjects is shown in figure 1A ( periods during the night compared with nonpregnant women. The cause of this desaturation is not clear from our data but from analysis of chest impedance and airflow recordings during the periods of desaturation, we have excluded apnoea and airway obstruction as potential causes. The difference in BMI between the pregnant and non-pregnant groups is unlikely to explain this difference in overnight 2 O p S but it would be difficult to obtain non-pregnant matching controls to totally exclude body weight alone as the explanation for this phenomenon. The durations of recording were longer in the nonpregnant group because more pregnant subjects removed the monitoring probes earlier in the morning.
One of the most consistent changes in pulmonary function during pregnancy is a reduction in functional residual capacity (FRC) and residual volume (RV). These are reduced by approximately 21 % and 22 %, respectively, at term compared with respiratory volumes in non-pregnant patients [7] . Norregaard and colleagues observed that there was a significant reduction in FRC and RV when the parturient changed from the sitting to the supine position. They found that supine FRC in the third trimester was less than half the predicted value but there was no change in arterial saturation [8] . Bevan and colleagues observed that in a group of 20 patients, the closing volume was greater than the FRC in the last month of pregnancy in 10 sitting and six supine patients [9] . We were unable to record the sleeping position of our subjects but we believe that a reduction in FRC must have contributed to the desaturation.
An increase in REM sleep is associated with increased frequency of hypoxaemic episodes after major surgery [2] . In this situation, the respiratory disturbance is similar to that of patients with sleep apnoea syndrome, that is apnoeic episodes with transient periods of oxygen desaturation. We were not assessing if REM sleep was present but there were no apnoeic episodes (either central or obstructive) recorded by the monitor.
The data analysed in our study represented the readings obtained from the whole period when the probes were attached, that is when the patient was both awake and asleep, and we do not know what proportion of the total recording time was spent with the patient asleep. 
We feel therefore that in this preliminary study we have excluded artefact to the best of our ability and that hypoxaemia in the pregnant groups compared with the non-pregnant subjects was a genuine finding. However, confirmation is required in larger studies.
Several studies have shown that episodic maternal hypoxia occurs during labour and delivery but with no effect on neonatal Apgar scores or changes in umbilical cord pH/ 2 O a P values [11, 12] . Deckardt and colleagues showed that there was a significant decrease in maternal arterial saturation and a significant decrease in neonatal cord pH in patients using opioid and Entonox analgesia compared with extradural analgesia, but there was no difference in Apgar scores [13] . Our study differs from these in that our pregnant patients were not in labour and we believe that this is the first study to reveal that some nonlabouring patients in late pregnancy have continuous nocturnal hypoxaemia, but we do not know for how long nocturnal hypoxaemia persists. It is well known that pregnant women living at high altitude (1600-4602 m with approximate 2 O p S 95-80 %) experience chronic hypoxaemia and this is associated with a higher incidence of intrauterine growth retardation and a higher infant mortality, primarily in preterm infants [14, 15] . Although our small study has shown no difference in birth weights and Apgar scores between hypoxaemic and non-hypoxaemic patients, the power of the study is clearly inadequate to examine this issue. Templeton and Kelman observed that although there was no difference in 2 O a P there was a significant increase in alveolar to arterial PO2 difference and increased physiological shunt in nine patients with severe pre-eclampsia (proteinuria 92 g litre
91
) compared with normal pregnant controls. They also showed that 22 patients with moderate pre-eclampsia had no significant change in pulmonary function. They suggested that impairment of gas exchange in severe pre-eclampsia may result from maldistribution of pulmonary blood flow [16] . It is possible that failure to demonstrate a difference in 2 O a P resulted from increased alveolar ventilation in those with severe pre-eclampsia and we suggest that this compensation is likely to be less effective during sleep and it is possible that our data are consistent with this hypothesis.
From tables 1 and 2 there is a suggestion that patients with more severe degrees of PIH (oedema and proteinuria) may have suffered the greatest degree of hypoxaemia. Again, the size of our study is too small to permit formal evaluation of this observation but clearly this is important and warrants further investigation in a large-scale study.
In summary, in this preliminary study, we have shown for the first time that a significant number of pregnant women (935 weeks' gestation) suffer from significant prolonged nocturnal hypoxaemia. Clearly, the duration, magnitude and aetiology of this hypoxaemia during pregnancy and pre-eclampsia, together with any effects on fetal outcome, require further investigation.
